Seventy-two Hereford • Simmental cows, averaging 498 kg in body weight and 5.2 yr of age, were used in a 2-yr study to ascertain if selenium (Se)-vitamin E (E) injections and winter protein supplementation would affect growth, reproduction and health of beef cattle maintained year-round on feedstuffs marginally deficient in Se (.03 to .05 mg/kg). Cows received either no injection or a mixture of 30 mg Se (as sodium selenite) and 408 IU E injected subcutaneously beginning 3 to 4 mo prepartum and at 60-d intervals throughout the 2-yr period. Calves born to Se-E treated cows were injected with 5.5 mg Se and 75 IU E/100 kg body weight at 60-d intervals beginning at 1 mo of age. Calves were born between December 30 and February 20 and cows were bred between March 20 and May 20. Cattle grazed pasture (.05 mg Se/kg) that consisted of orchardgrass, bluegrass and white clover during the fall, spring and summer. During winter (December 15 to May 2), cattle were fed corn silage (.03 mg Se/kg) supplemented with either: 1) no protein supplement (control), 2) soybean meal or 3) a urea-corn mixture. Cows and calves receiving Se-E had higher (P<:01) whole blood glutathione peroxidase (GSH-Px) activity and plasma Se concentrations than controls. Selenium-E injections reduced (P<.05) calf death losses from 15.3% to 4.2% and slightly increased (P<. 10) adjusted calf weaning weights. Hemoglobin concentrations were higher (P<.05) in Se-E-injected supplemented calves at 1 mo of age but not at 5 or 7 mo of age. Winter protein supplementation increased (P<.01) calf gains during the winter, and calf weaning weights and decreased (P<.01) cow weight losses during the winter. Neither Se-E injections nor winter protein supplementation affected conception rates of cows. These results suggest that Se-E injections can decrease mortality and increase whole blood GSH-Px in cattle receiving feeds that are marginally deficient in Se.
Introduction
Selenium (Se) deficiency is widespread in many areas of the United States as well as other countries (Underwood, 1977) . As an integral component of the enzyme glutathione peroxidase (GSH-Px), Se functions to prevent oxidative damage to body tissues (Hoekstra, 1974) . Selenium can also affect specific components of the immune system (Mulhern et al., 1985) and the detoxification of certain toxins (Burk, 1983) . Recent studies (Arthur, 1981; Siddons and Mills, 1981) have indicated that calves can be severely depleted of Se and Se-dependent GSH-Px but exhibit no clinical deficiency signs unless they are subjected to an oxidant or other type of stress. However, even in the absence of deficiency signs, Boyne and Arthur (1979) demonstrated that the ability of blood neutrophils to kill ingested microorganisms was impaired in Se-depleted calves.
Long-term studies with beef cattle residing in geographical areas considered marginally or extremely deficient in Se are limited and the results obtained have been inconsistent (Shirley et al., 1966; Hidiroglou and Jenkins, 1975; Scales, 1976; Morris et al., 1984) . The objectives of the present study were: 1) to determine the effects of Se-vitamin E (E) injections on growth, reproduction and Se status of beef cattle receiving feeds marginally deficient in Se and 2) to evaluate the influence of protein supplementation during the winter on cattle performance and response to Se-E injections. 586 J. Anim. Sci. 1986 .63:586-594
Materials and Methods
Seventy-two Hereford x Simmental cows, ranging between 3 and 8 yr of age (average age of 5.2 yr), with an average initial weight of 498 kg were used in a 3 x 2 factorial experiment to evaluate Se-E injections and three winter protein supplements. Cows were grouped based on age and most probable producing ability (MPPA) and randomly assigned within groups to treatment. One-half of the cows was injected subcutaneously with a Se-E emulsion 4 containing 30 mg Se (as sodium selenite) and 408 IU E (as d-alpha tocopheryl acetate) at 3 to 4 mo prepartum and at 60-d intervals thereafter. The study was conducted over a 2-yr period (September 1981 to September 1983 at the Upper Mountain Research Station located at Laurel Springs, North Carolina. No previous signs of nutritional muscular dystrophy had been observed in the herd.
Cattle grazed pastures that consisted of a mixture of orchardgrass (IFN 2-03-439), bluegrass (IFN 2-00-777) and white clover (IFN 2-01-380) from May 2 until December 15 each year. During the wintering phase of the study (December 15 to May 2) all animals were fed corn silage . Winter protein treatments consisted of: 1) no supplement (control), 2) soybean meal or 3) a ureacorn supplement. The urea supplement contained 12.9% urea (IFN 5-05-070), 85.1% ground corn (IFN-4-02-931) and 2.0% dicalcium phosphate . Within each protein treatment one-half of the cows had received Se-E previously and continued to receive Se-E injections at 2-mo intervals. Cattle in the protein-supplemented treatments received 6.9 kg of protein supplement/100 kg of dry silage. Cows were fed 23 kg/d (as-fed basis) of corn silage before calving and 26 kg/d of silage after calving. Corn silage was fed at the same level across all treatments. The silage contained 36.8% dry matter and 8.1% crude protein (CP) on a dry matter basis in yr 1 and 34.5% dry matter and 6.3% CP in yr 2 of the study. The protein supplement raised the total CP level in the dietary dry matter of cattle receiving soybean meal (SBM) The majority of calves were born each year between December 30 and February 20. Calves born to Se-treated cows were injected subcutaneously with a solution equivalent to 5.5 mg Se and 75 IU vitamin E/100 kg body weight. Calves received their first injection at approximately 1 mo of age and at 60-d intervals thereafter. Cows were bred by natural service each year between March 20 and May 20. Bulls were rotated among the different treatment groups every 7 to 10 d. Calves were weaned at an average age of 248 and 254 d in yr 1 and yr 2, respectively. If a calf died, the dam was removed immediately from the study. Cows were pregnancy tested and those diagnosed as nonpregnant were culled when their calves were weaned. Three-year-old cows were placed on the study at the beginning of the second year (September 1982) to replace cows that were removed from the study for various reasons. An equal number of cows was culled from each protein and Se-E treatment group at the end of the first year.
Five calves/treatment were bled (heparinized tubes) at birth, at approximately 1 mo of age and at 2-mo intervals until weaning for determination of whole blood glutathione peroxidase (GSH-Px, E.C. 1.11.1.9) activity and hemoglobin concentrations. Blood samples also were obtained from five cows/treatment at 2-mo intervals throughout the study. Plasma Se concentrations were determined on samples collected from calves at birth, 3 mo and 7 mo of age (yr 1) and on plasma obtained from cows at approximately 1 mo prepartum and at 1 mo (yr 1) or 3 mo (yr 2) postpartum. Creatine phosphokinase (CPK, E. C. 1.7.3.2) activity was measured on plasma collected from calves at birth. Whole blood was assayed for GSH-Px by the procedure of Paglia and Valentine (1967) using hydrogen peroxide as the substrate. Hemoglobin and CPK were determined according to procedures described by Sigma Chemical Company (1976 , 1981 . Selenium in feed and plasma was determined as described by Olson et al. (1975) and Whetter and Ullrey (1978) , respectively.
Gain, calving interval and blood data were analyzed by least-squares analysis of variance using the GLM procedures (SAS, 1982a) . The model included Se, protein supplement, Se • protein supplement, year, Se • year, protein supplement • year and Sex protein supplement • year effects. Calf blood characteristics and birth weights were corrected for sex and winter gains were adjusted for sex and cow MPPA. Summer gains were corrected for sex, and MPPA and weaning weights were adjusted for sex, MPPA and age. Data were analyzed by year when a Sex year or protein supplement • year interaction was noted. Differences between protein treatments were determined by single-degree-of-freedom contrasts. Comparisons made were: control vs SBM and SBM vs urea. Calf death loss and conception rate were analyzed by chi-square analysis (SAS, 1982b) .
Results and Discussion
Calf performance results are presented in table 1. The interaction between protein supplement and Se-E injection was not significant; therefore, only main effects are shown. Birth weights were not affected by Se-E or protein treatments. Selenium-E did not significantly affect winter calf gains. However, average daily gains during the grazing or summer phase were increased slightly (P<.I0) by Se-E. Adjusted weaning weights also were slightly higher (P< .10) for Se-E injected calves. The response in weaning weight to Se-E appeared to be greater in yr 1 than in yr 2 but the Se-E • year interaction was not significant. Morris et al. (1984) recently reported that Se supplementation increased weaning weights of calves grazing pasture containing .020 to .055 mg/kg of Se. In other studies (Shirley et al., 1966; Hidiroglou and Jenkins, 1975) , Se supplementation of nurs- (table 1) . Average daily gains during the winter were slightly greater (P<.10) for calves from cows fed SBM compared with those from cows fed the urea-corn supplement. Winter supplementation also affected subsequent performance (especially in yr 2), with summer gains being greater for calves from cows fed SBM in the winter compared with calves from control (P<.05) and urea-fed (P<.10) cows. Adjusted weaning weights averaged 29.1 and 17.3 kg higher for calves from cows in the SBM and urea treatments, respectively, compared with controls. Weaning weights were slightly lower (P<.10) for calves from cows in the urea treatment compared with those in the SBM treatment. Winter gains, summer gains and weaning weights were lower (P<.01) in yr 2 than in yr 1 of the study.
Cows receiving Se-E lost less (P<.05) weight during the period following calving until the end of the winter feeding period (table 2) . However, control cows compensated for the increased winter weight loss by gaining faster (P<.01) than Se-E treated cows during the grazing phase. Supplementing cows with SBM (P< .01) during the winter also reduced weight losses following calving. Cows that received no protein supplementation during the winter had higher (P<.01) gains during the grazing phase when protein intake would have been more than adequate. There was no interaction between pratein supplements and Se-E treatment involving cow weight changes.
Calf death losses were lower (P<.05) in Se-E injected than in noninjected calves both years (table 3), The number of calves dead at birth was not affected by Se-E treatment. Most of the losses in control calves in yr 1 resulted from diarrhea when calves were 1 to 6 wk of age. In yr 2, diarrhea, which did not respond to antibiotic treatment, and a general unthriftiness were observed in control calves at 3 to 4 mo of age. A group of non-Se-E treated calves not being used in the study also showed similar signs of diarrhea that resulted in substantial death losses. A single injection of Se-E into calves exhibiting a debilitated condition and refusing to nurse was found to prevent death and to result in rapid recovery from diarrhea and unthriftiness. Visible signs of muscular dystrophy were not observed in yr 1. In yr 2, a hesitancy to move and weakness in the hind legs, both characteristic of muscular dystrophy, were observed but not until calves already had shown signs of diarrhea and unthriftiness. These observations suggest that a subclinical Se deficiency can increase preweaning mortality. Increased mortality due to pneumonia and weak lambs has been reported in Se-deficient sheep (Hamdy et al., 1968; Kott et al., 1983) . Selenium has been implicated as having important roles in the immune response (Shamberger, 1983) . Boyne and Arthur (1979) reported that blood neutrophils from Se-deficient calves had the ability to phagocytotize yeast but were unable generally to kill the ingested microorganisms. The defect in neutrophil function was observed before subclinical muscle damage was noted. Conception rate and calving interval were not affected by Se-E treatment (table 3). In agreement with the present study, specific degrees of Se-deficiency in beef cattle generally has not affected reproduction (Hidiroglou, 1982) . However, Se supplementation of Se-deficient diets has improved reproductive efficiency of sheep in some studies (Hartley, 1963; Godwin et al., 1970; Segerson and Ganapathy, 1980; Wilkins and Kilgour, 1982) but not in others (Hidiroglou, 1982) .
Winter protein supplementation also did not affect conception rate (table 3) . Crude protein intake of cows receiving no supplemental protein during the winter averaged .75 to .80 kg/d in yr 1 and .54 to .59 kg/d in yr 2 after calving. This is well below the NRC (1984) recommended protein requirement of .95 kg/d for average milking beef cows during the first 3 to 4 mo postpartum. A positive response in weaning weights was noted for cows receiving protein supplementation; however, the lack of a response in reproductive parameters indicates higher requirements for production of milk.
Whole blood GSH-Px activity in cows (figure 1) and calves (figure 2) was consistently higher (P<.01) at all sampling times in animals receiving Se-E injections. A number of researchers (Oh et al., 1976; Whanger et al., 1977; Hoffman et al., 1978; Hidiroglou et al., 1985) have noted increased erythrocyte or whole blood GSH-Px activity in ruminants following Se supplementation of Se-deficient diets, but vitamin E supplementation has not affected GSH-Px (Siddons and Mills, 1981) . Protein supplementation did not affect GSH-Px 
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Months Figure 1 . Glutathione peroxidase activity in whole blood of cows (months pre-and postcalving).
in cows. Calves born to dams receiving the urea supplement had higher (P<.01) whole blood GSH-Px at birth in yr 1 than calves from cows fed SBM or no supplemental protein. Protein treatment did not affect GSH-Px activity in calves at the other sampling dates in yr 1 or in yr 2.
Calves born from dams receiving Se-E had higher (P<.01) plasma Se concentrations at birth and at 3 mo of age (table 4). Calves in the SBM treatment had higher (P<.05) plasma Se concentrations at 3 mo of age in yr 1 than those in the control or urea-supplemented treatment. Cows receiving Se-E also had higher plasma Se concentrations pre and postpartum. Soybean meal supplemented cows had lower (P<.10) plasma Se than control cows on April 1 of yr 2. This could be explained by an increased milk production in protein supplemented cows which resulted in a greater loss of Se in milk. The faster growth rate during the winter of calves nursing protein-supplemented cows is consistent with an increased milk production.
Hemoglobin concentrations did not differ among treatments at birth (table 5) . Selenium-E injected calves had higher (P<.01) hemoglobin levels at 1 mo of age. In yr 1, Se-E treated calves also had higher (P<.05) hemoglobin concentrations at 3 mo of age. Recently, Morris et al. (1984) reported that Se supplementation corrected anemia in beef heifers grazing Se deficient forage. In the present study, Se deficiency only reduced hemoglobin levels in young calves. At 5 and 7 mo of age, hemoglobin concentrations in calves were not affected by Se-E. Hemoglobin concentrations in cows also were not affected by treatment. Calves in the SBM treatment had higher hemoglobin concentrations than those in the control and urea treatments at 1 and 3 mo of age. Plasma CPK was higher (P<. 10) at birth in calves from non-Se-E injected cows in yr 1 but not in yr 2 of the study. Creatine phosphokinase in plasma has been shown to be elevated in ruminants that exhibit clinical or subclinical nutritional muscular dystrophy, and is highly correlated with the degree of muscle damage 
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Figure 2. Glutathione peroxidase activity in whole blood of calves. (Whanger et al., 1972) . At 1 mo of age, plasma CPK was not affected by Se-E.
The present study suggests that a marginal Se deficiency can increase calf mortality and decrease calf gains in the absence of clinical deficiency signs. The major feedstuffs (pasture and corn silage) used contained from .03 to .05 mg/kg of Se. Selenium requirements of beef cattle are dependent on the level of vitamin E; however, Se levels of .10 and .05 to .10 mg/kg diet have been recommended for growing cattle and cows (pregnant and lactating), respectively (NRC, 1984) . One cannot eliminate the possibility that a portion of the response observed in growth and mortality was due to vitamin E. The amount of vitamin E given with the Se was minimal relative to the estimated requirement of beef cattle (Church, 1979) . However, Knott et al. (1983) reported that injecting ewes receiving feeds containing .02 to .05 mg/kg of Se with 272 IU of vitamin E monthly was equivalent to injecting 4 mg of Se monthly in preventing lamb death losses. Oldfield et al. (1960) reported that giving lambs born from Se-deficient ewes 1,000 IU of vitamin E orally at 1 and 4 d of age prevented nutritional muscular dystrophy but did not improve lamb gains; however, injecting lambs with Se prevented muscular dystrophy and improved gains compared with control lambs. bCommon standard error of mean.
